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Ne  present  a  methodology  for  the  modeling  of  certain  non-stations rv 
and  non-gaussian  random  time  series  data  with  aool i cat ion  to  weak 
signal  detection.  Some  components  of  the  noise,  which  give  it  its  non- 
gaussian  characteristics,  can  be  individually  modeled,  synthesized  and 
subtracted  to  orovide  a  gauss ian  residual.  Further,  it  is  shown  that 
this  process  can  also  be  carried  out  when  signals  are  oresent. 


mssr: z 


sed  methodology  is  applied  to  some  Arctic  Acoustic  data 
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using  a  combination  of  adaptive  differential  quantitation  and  adaptive 
signal  estiaation  algorithm*  based  on  singular-value-decoaposition  of 
data  aatnx  which  wa  have  developed. 

The  combination  of  adaptive  differential  quantitation  with  low- 
rank  approx iaat ions  to  data  eatrices  or  estinated  covariance  matrices 
is  believed  to  be  a  now  and  effective  eethod  for  aultivariable,  robust 
adaptive  detection. 
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A  (nfMtt  ynklia  witA  lati.  If  Mt  it  ttuUtriii  tataatiaa  tf  ii|ul 
N^NMti  m  HtlMliw  tf  tifttl  part  tar*  it  tAa  aaat  fct  ftcatlttt 
yrtAaAility  litiiikatiMi  ft*  tit  lit*.  fatally  tit  aaiaxlyiag  yAyaital 
ayataa  rtayaaalAlt  ft*  atitt  it  yartially  aakaata  tat  tiffitalt  it 
*Aa**at**iaa  it  4a tail.  Ota  tyytatA  it  it  ttfiaatt  tit  frataAility 
tiatriAatiaaa  tiraatly  fiat  tit  tat*,  tat  tkia  tta  At  tiffitalt  it  t# 
Atttaaa  tf  atarttatitat *ity  aat  tit  *Aa*t  tmracita  tf  iaytrtaat  tmtt  it 
tit  ttta. 

•a  ttatta  tAat  tit  atitt  tta  At  *ta*ii***t  tt  At  a  aixtart  tf  tta* 
atatiaa* *y,  li|l  aylitai*  ata- itattitt  ataytaaat*  ylu  a  it*  tag  li tat* 
ftaatiaa  atatltaary  itaptatat.  TAt  atfAtitltgy  that  at  grtyttt  ft*  aataliaa 
tAa  tat  a  it  tt  Mtatify  .  tattttritt,  aatai.  aat  rtatn  tA*  itr|tuilu 
tt^tatata  ia  a  giatt-alw  faaAiaa  Aaatt  aa  tAa  it  a  a  at  tf  atyaxataAillty 
fata  tA*  AaaAgraaai  atitt  aat  tigaaia.  TAia  ay  g  ttta  A  ta  aattliag  aat 
yrtataaiag  atayl  itattt  aat  ata-atatltaary  ttta  ia  aiailar  tt  tAat  *f 
■ittlataa  (91  vAtrt  it  i*  aagytattt  if  tAt  ttta  it  a  aiatatt  tf  tAa  aAta* 
fata.  tAta  aat  tay  tf  ttaliag  witA  tAt  atf  gaaaaiaa  latarfaraaaa  it  tt 
aatiaatt  aat  tAta  aall  tt  aaAtraat  tat  tAt  atratg  tta* gaaaaiaa  tatarfaraaaa 
ytitt  tt  aigaal  yttttaaiag  aat  ttiata  tAt  yctAlaa  tt  ta*  tf  tAt  Aaakgroaat 
gaaaaiaa  atiat  t *  aigaal.  Lia  aat  Malta  (10)  Aat*  lAata  tAat  tAta  tAt  atitt 
la  gaaaaiaa  aat  ataaiata  tf  a  aaa  tf  a  atftag  AlgAly  aaAtraat  ataytaaat  aat 
a  wtaA  ataytaaat  tf  latayaataat  atiat  ttaylaa,  tAta  aall  atttrlag  ia  aaarly 
aytiaal.  TAt  ayyliaatita  tf  ayttial  laaatAara  aat  aiaaaart  Ay  Mart la  aat 


IWmm  U)  !m  Auialai  ntait  ifHtrtl  •itiaUi  tka  lati  it 

ky  ntlUn  kaa  yittlM  wtintlM  far  tw  aa m  im  af 
iilflfttUtl  IMttiUlM  far  (ftul 
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iMltai  tiU  i  N^UMtoi  MTIU tlmif  aai  mtiimiIm  aUtlnrUU 
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lUf!  II  aa  fallavas 
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laaata  aai  Uaatlfy  tka  aargai 

laataa  latarfaraaaa  a 

aapaaaata 
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I) 

parfara  aipal  praaaaalag 

(alfaal  iataatiaa. 

ayaatral 

aatiaatiaa)  aaiap  tka  raaliaal 

1*  |NNtt  Mfflutll  NMltl  «k*n  V*  Iffly  Ull  WtM>l>t7  ta 
yttMiilai  «  mi  af  ila|l«  akaaaal  AigltiaaA  intu  Mi»rw»  ihmiU  tou  . 
HiUk  tai  Vim  (&I  kv*  ikfMMdtk  Uii  <«U  mi  u<  kynthMiM  tUt 
Ik  4au  mi  k  Mklk  aa  •  atatuv  if  Him  n^nmii  m  kllmt 

(1)  «mI  lUtUauy  immIm  lnl|n— 1 

(2)  •  aMNt  if  atraaf  urimliMiy  ilmillil-llk  iupmiti  afciak  mi 
•mi  iMinly  Uwnlm  Ik  lilt 

(J)  M*n4t«  U|k  laMutty  taplilM  k«nti 

TW  m-mniai  ala— la  af  tka  aimn  ara  awyania  Cl)  ail  Cl)  .  la 
will  rarity  tka  kyyatkaaia  tkat  tka  Ara t la  aaaaatla  Aata  la  af  tka  akaaa 
aittiM  fan  la  tw  a  try  a  i  flrat,  ky  appliaatiaa  af  alparitfcaa  aa  kaaa 
AaaalayaA  far  ki(k  raaalatiaa  ayaatral  aatiaatiaa  aai  adapt ira  aipaal 
aatiaatiaa,  ta  aatiaata  aal  taawa  tka  aaa~paaaalaa  latarfaraaaa 
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Him 


alpart 


t  will  4a  praaaatat  la  faar  pacts  aa  fall' 


ttaatiflaatlaa  mt  Ua 


m  ra 


141a  far  Ua 


paaaikaa  sAaraatariatlaa  mt  Ha  Aral  la 


tla  4a  la. 


II  )  Natalia*.  aatUatiaa*  mad 


il  af  Hi 


tatarfaraaaa. 


Ill)  Italia*  Ua 


a*  rasitaal  far 


■y  af  a 


•laaal  la  Ua 


slaa  latarfara 


la  far 


— mrt  — i  liMMUtl'Iib  laUrftniM  (»••  li|.  I)  tkat  ipm  u  W 
•M-itit  loaary.  <utU|  U  Mflilid*  uA  tnt  tiaa.  H«m  too 

will  iw»Uaw4  MfMtuir.  data  tkat  aa  till  (afar  to  tka 
aatnrkaal  aa^aaaali  m  laaata  tkm«katl  tka  raaalaiat  of  tka  hv*>> 

41  tapaUtaa  fifaaiat 

tka  i^tlilfa  aafafana  •«*  ka  laaarlkal  ••  akart  tl»  4 •ratio*  (  a  foo 
allllooooa io).  ki|k  aplttaia  (vitk  raopoot  to  tko  aorra— Aim  kaatyawi 
aaiaa)  kaiata  tkat  a  a*  too*  aooatia  ratio  varlaktlity  ta  tkair  atraotaro  (aoo 
Pig.  2  aai  Pig.  I  ). 

Tko  aootiooo  of  tko  kata  tkat  kora  iapalaloa  aoapoaaata  pro  to  at  appear 
to  ko  okeraetotisei  ky  a  ki|k  aoo  If  to  loot  of  kartaoia  Ul,  tkat  la.  aaok 
groator  tka*  ).f  .  tko  kartoaia  for  a  goaaaioa  rtaiaa  praooaa  la  I.i  . 

1)  To*al  CMtaut 

TWao  rattooa  ara  akamatortsoi  ky  ikarttlat  pooor  apoetra  tkat 
appaar  to  oooalat  of  I  loo  oaopoaoata  (aoo  Pig.  1).  oftoa  affoatlai  to  ko 
karaaaiaally  ralatoi.  41  ao  tko  tooal  or  aartoo  kill  coglooa  gooe rally 
faatmro  a  loo  kartoaia  (I)  (loaa  tkaa  M)  .  4a  aatai  ky  faltok  aai  Vi  Ik 
(1|  .  tko  kartoaia  of  a  raaioa  ykaaoi  alaaaoli  la  l.S  aai  aaay  of  tka 
toaal  ratioaa  kora  a  kartoaia  of  akoat  2.S  or  looor.  Tkia  laplioa  tkat  tko 
toaal  ratioaa  aaa  porkaya  ko  aoioloi  aa  a  lot  an  of  ilaonto  alaaaoiia. 

tka  toaal  iaratloa  la  oarftafclo*  it  aoa  ko  oa  tko  otior  of  aiaatoa  or 
aaaoaia.  Tko  toaal  ratioaa  alto  apyoar  to  ka  aaa- stationary.  vitk  tko 
oaakor  of  liaa  oo^aatata.  frofaaaaioa.  aai  aaplitaiaa  oftoa  vary  log 
aoaaiiorakl  y  ooor  tun  la  to  nal  a  oa  tka  otior  of  aaaoaia  (aoo  Pig.  1). 

It  appoara  tkat  tko  aaa -goat tiaa  n gloat  aaa  ka  looatoi  aai  lioatlf ioi 


n  tta  kuti  of  ki|b  kutMti  ni/tt 


r  ifMtn  *MtiiaU|  •  treat 


rata. 
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to  UU 
II*  MTHMliM 
uila* 
it*  . 
k) 


••  pmnt  i 
UtirtMNM 

•  ata  (!) 


ilwritot  tor  (1)  **4*lUt 

i.  (2)  MtlMtiai  tit  paraaotara  *f 

tilt  lattrftrti 


to*  tit  roaalta  *f  MttU*  I  .  it  1*  tMjMtwtt  tltt  tit  total 
lattrftmtt  tea  to  totally  aaioloi  a*  a  taa  of  rati  at  ptoaoi  tiautUt  or 
tttinloatlj.  ttot  tto  total  totorfarotoo  la  atroagly  loo  rook,  tola  tap  1  it  a 
ttar  tootatoao*  tor  too  raak  totorfarotoo  raaaoal  I4|  oat  to  aoai  to  rooovor 
tto  feaokgroaai  aotao  or  algaal  to too t  to  tto  olotolty  of  total*. 

Tto  total  ooapoatata  tfm  to  to  aa***tatlaaary  .  nryiai  tot!  to 
froqtoaoy  ati  yooor  over  tto*  totorrala  at  tto  orior  of  tto  roaolatioo  taa  la 
of  tto  apootrograa  Cao*  fig.  I).  tooorar.  of  groator  l  apart  a  taa.  to  taoaa  of 
aatoltog  ati  oatltatlot  la  tto  total  atatloaarlty  of  tto  total*.  If  tto 
total*  aaa  to  appaastottoi  aa  to  tog  totally  atatloaary,  ttot  la.  f  iroi  la 
ptratottr  to* r  itoftniaa  totorrala.  ttoa  tottotoaaa  iorolopoi  for  iata- 
aioptloo  aattootloa  of  loo  ratk  aigaala  aaa  to  aaoi  to  aatlaata  ati  rotaoa 
tto  total*. 


for  tto  aaptrtooatal  tort,  to  attaiior  a  total  rag  lot  otoao  pooar 
apootra  taa  oaly  too  lit*  aoapoaoat  proaoat.  tot  la  ropraaaatatio*  af  tto 
attar  total  voglota  ttot  taro  tor*  ttot  oaa  Uao  aoapoaoat  proaoat.  Ilia  to 


at*  priMit 


mil  tl*  li(finlii«i  of  iitiaitUi  tk*  M^k*r  of  I  too  ooapiH 
It  ii  iotj»tlu*l  tb«t  U*  ii*|l*  tout  roralt*  mil  U  rtpr«M*tttin  of 
tko  otkor  Mltiplo  toaol  rofiao*. 

To  iotorala*  tko  lutimritp  of  tko  iU|lo  toaol*  tkat  r**ioa  oaa 
portttioaoi  to  to  M  tayl*  klooko  U.l  atltoooooaia)  oai  ooooalai  tkat  tko 
toaol  lo  oo  tool  If  itnMilol  ta  a* taro,  oa  loproooi  Proof  aotkoi  (•).  •*• 
aaai  to  a* t  uoo to  tko  fvofaoaof.  oaplltai*.  oai  pkoa*  of  tko  toaol  la  oook 
klook.  Alto  tko  pooof  of  tko  voa Moot  or  ko#k*xo*ai  aotoo  roaotata*  oftor 
tko  toaol  io  roooootraoto4  oolaf  oiaaooUal  aoiol  oai  tkoa  ooktrootoi  oat 
oa*  alto  ootiaotoi.  Tko  rooalt*  ooto  tkoa  plottoi  (too  Pit*  U. 

Tkof  taitooto  tkat  tko  froaooooy  to  oloolf  varfla#  kot  tko  fooor 
appear*  to  flaotoata  ooor  okort  ttao  portoia.  Tkoroforo,  tko  toaol  ooa  oolf 
ko  ooooiioffoi  oo  approstaatoly  otatlooorf  ooor  okort  tlao  tatoroolo.  Tki* 
tool  to*  tko  aooi  for  okort  iota  I*a«tk  toofcot'ooa.  V*  aoo  ooa* liar  tko 
oottoktl ttf  of  aaiat  a  olaaaolial  aoiol  for  tk*  toaol. 

Tko  taoka loaoo.  iooolopoi  foe  iota  adapt  too  cat  loot toa  of  loo-caak 
oitoalo  koooi  *o  *1  opal  **-***  loo  iaaaopootttoo  of  o  iata  aatrlo  (4)  *111  ko 
aaai  ta  aotiaota  tko  toaol  oai  o aka t root  It  oot.  A  iata  root**  laaptfc  of  44 
oaaploo  oo*  aaai  ottk  tko  iata  koia§  arroatoi  la  tk#  fan*  of  a  koakvari 
proitatoff  aotffta  (laafcal  oatr to)  ottk  proitator  orior  4«  aoooatat  a  rook  X 
lotarfoffoaoo. 

Tko  oottoktl  ttf  of  tko  otaaootiol  aoiol  or  loo-rook  ooooaptloo  aoo  ko 
joitoi  first  .  ky  opootrol  oaolfoio  oai  oooooilf.  kf  nop at  to*  tk* 
kortooio  of  tk*  oif  rrttttTf  iata.  ootiaotoi  toaol  tatorforaoao  oai  roatioo). 
Ao  ototoi  fro* too* If  ta  oootioa  t  tk*  toaol  ratio**  kaoo  o  lo*  kart** to.  If 


tk«  towli  irt  liiiwliil  ,  tlw  *itiwt«4  toul  skoal d  km  a  kartosis  of 
ikoit  l.J  u4  if  the  buk|tou4  uiu  is  |u»*lu>  tko  rssidasl  skoald  htv* 
•  kutoiii  of  ibott  3.0  .  Tkii  *111  bo  sooorsd  im  aoro  dotail  ia  Soot  ion 
III  for  ditoaiaiaf  tko  aocaalitp  of  tko  rooidaol  data  or  kaokgroaad  aoiso. 

Tko  peoor  speotrsl  plots  of  aaprooossod  toaai  data,  ostiaatod  toaal 
data  aad  roaidaal  olsarlp  tko*  tkat  tko  toaal  eoapoaoat  has  boon 
saktraotod  oat  (soo  Fig.  5  for  povor  sgootral  plots  of  t*o  data  rseords 
fns  tko  toaal  rag  loo  > .  Farther,  kartosis  of  tko  ostiaatod  toaal 
latorforoaoo  Is  loa.  akoat  l.t  (soo  Fig.  <)  aad  rssldaal  data  kartosis  is 
geaersllp  oloso  to  3.0  (soo  Fig.  <).  Tkis  laplios  tkat  thoro  is 
ooasldoraklo  Jastifioatioa  for  assaalag  tkat  tka  toaals  sro  slaasoidal  ia 
aataro. 

■)  lapelsioe  Co^sasat 

■art  la  aad  Tko  as  a  a  (2]  polo  tod  eat  tko  dogradatioa  of  conventional 
peoor  spootra  aad  oevariaaoe  st rasters  sstlaators  wkoa  data  is  ooataaiastod 
bp  oatliors.  Slailar  loos  la  porforaaaoo  oaa  bo  ospootod  ia  eoaoeatioaal 
slgaal  do too tors,  fo  propose  too  teehaigees  for  prosossiag  tko  iapalsive 
karsts  (oatliors)  .  Tko  first  tsokaigae.  for  karsts  to  okiok  tkis  is 
appiioaklo.  is  to  aodel  tks  iapalsioo  karsts  as  orpoaoatisl  sigaals  (soo 
Fig.  9).  Tko  soooad  toohaigao  is  to  aodol  the  iapalsioo  karst  as  sa  oatlisr 
olaator. 

If  tko  karst  saa  bo  asdslsd  as  sa  scpoaoatial  sigaal,  tko a  tko  saao  loo 
raak  latorforoaoo  r— ooal  tookaigaos  (4)  as  spplisd  to  tko  toaals  esa  bo 
also  asod  kora.  Tkis  laplios  tkat  if  oo  soasldor  ooak  slgaal  dotootsbilitp 
ia  tko  prosoaoo  of  tko  traastoat,  oo  saa  ostiaato  aad  rsasos  tko  traasioat 


•kill  Ik*  Htk  litul  MMklilllr  UU*I.  To  pro**** 

ktrili  tk*l  (II  Ik*  ootiior  olootor  m4*I  ,  v*  im  i  m4U1*I  (on*  •( 
rfiftiN  4  Iff*  root  1*1  (uatiuliM  to  loooto  o *k  n»»tk  Ik*  ootiior 
ooataaiaotok  koto  potato.  Ikii  ItololfM  to  » tot  tor  to  tko  skaptir*  1  too  or 
prokiotir*  typo  OMtkor*loia*t  ooo4  k|  Mortis  oat  Tkaaooo  U*  tor  pro- 
pros* os  tag  ootttor  ooataaiaotok  koto  to  oktsia  rokost  pooor  opootro 
OSt tattoo. 

To  aktoit  o  prol  loUiry  kotomiaatioa  of  okotkor  or  oot  tko  ofcovo 
aokols  oro  saitaklo.  a  risoal  Uopoottoo  of  oooootio  vs rotors  plots  of  tko 
troaotoats  voo  porfocwok.  Tklo  rsrsalok  tkot  oooo  of  iapalsir*  karst*  4o 
lakook  sppoor  to  ko  potoat tolly  ospoaoatiol  to  aataro  (ooo  Tig.  Ik.  Tig.  14. 
oa4  fig.  If),  koiag  okorsotortso4  ky  a  slaglo  aaia  pook  sa4  saootk 
• lasso ikal-1 tko  trsaoittoa  la  tko  loakiag  oa4  trail  tag  sootloao  .  looovor. 
tkoro  oro  also  karsts  tkot  sppoor  to  ko  ooaplos.  ottk  sorsrai  opporost  osia 
pooka  oa4  s  4tsoootlaaoao  straotsro  (ooo  fig  So.  Pig.  So.  sa4  Pig.  So) 
fltttag  tko  ootiior  olastor  a*4ol. 

To  vorify  tko  ospoaoatiol  aokol.  kookvork  oa4  fovsrk  llaoor  prskiotioa 
ottk  loo  rook  lap  tor  stoat  IS. 4, 7]  oot  oppl  to4  to  tko  troll  lag  oa4  look  lag 
sootloao  of  tko  oppoxsat  ospoaoatiol  trsas ioato  rsopootirsiy  (ooo  Pig.  9  oak 

Pig.  10). 

Tko  o igosrolso  sprsok  of  tko  os t last ok  koto  oovtrloaoo  astrls  (so*  Pig. 
10k  oak  Pig.  lOf)  of  tko  look  lag  oak  troll  lag  sootloao  of  tko  tapslslrs 
karst  iakioatok  tkot  tko  koto  is  stroagly  lovrsak  (Not*:  if  roal-rslsok 
ospoaoattal  s i gaols  oro  prosoat  ia  tko  koto,  tko*  tko  rook  of  tko  kata 
oorariaao*  aotrls  is  ogsal  to  tvloo  tko  aaakor  of  ospoaoatiol  tigaols 


pm  seat  (S)  if  tit  MfNMtill  IN  Mt  of  MN  IN|Ul  (NfMMy). 

1W  fNiiitin-irm  filter  uni  mn  ilio  iw>tU4  ui  plotted 
(eee  Pi*.  10*). 

He  aa*aler  leeetiese  ef  He  pmdletiea-ermr  filter  seree  eat  side  He 
■Ut  eirele  w  He  s-plaae  dote  mime  He  espematial  f  redeem  lee  sad  He 
iamrse  ef  tie  sere's  radiae  deteaaiaee  He  I  ample*  footer  Ml.  He  sere 
peeitieae  appear  te  elm  iadieete  Hat  He  traaeieate  em  espeaeatiel  ia 
aatam. 

He  espeaeatiel  type  traaeieate  mm  Hea  eetlaated  ead  sebstreeted  eat 
aeiac  He  teeheipees  ef  date  adaptive  eetimtiea  ef  lee-raak  iaterfemaeee 
fiH  He  ola*elar-oalea  iaaeapaaltioa  ef  a  dam  aatrU  (4).  Plate  ef  the 
traaeieat  eetiaatea  (Fi*.  Ida  aad  Fi*.  10k)  ead  ef  He  me  ideal  data  (Fl*. 
lOd  aad  Fi*.  lOi)  reae  la  lag  after  He  traaeieat  eae  sob  tree  ted  eat  lad  ie  a  ted 
'hat  the  traaeieat  me  mil  aedeled  aa  espeaeatiel . 

H  proeese  berate  Hat  am  ef  He  iapalae  else  ter  aedel  .  m  am  aa 
fora  ef  adaptive  differeatial  paaatisatloa  [S]  .  First,  m  eaa  e sprees  He 
observed  data  aeia*  a  similar  aedel  as  did  Hart  la  aad  Heaeea  (21. 

Fa  "  *a  ♦  *a  (1> 

ehere  pa  is  the  observed  data,  s^  is  He  tree  preeesa  data  ead  fg  em 

mtliers  . 

He  rate  ef  eftaa*e  ef  the  tree  proeese  sa  ie  defiaed  as 

*a  *  *a  -  *a-l  <2> 

He  rate  ef  ehaa*e  ^  (2)  eaa  be  vieeed  as  aa  erode  estimate  ef  the 

iaaevasioae  proeese.  He  adaptive  differeatial  toaatisatiea  algorithm  is 
gives  be  loo  : 


First,  obtsia  robut  fitiatUi  for  itufiti  dovistioa  of  th*  proosss  roto  of 
«btt|o  Am  (2)  ui  *m  oro  obtalaod  uU|  wiiu  typa  sstiaators  biut  os  H 


prsvioms  saaplss  so  follows: 

Oool  A,  )  *  i,  -  aodias  {  p^|,  |Vml . >  (J) 

°oot  «,  )  *  \  -  so4ias  C  IFbHiMFvHHiI . |f.-iI  *  (4) 

oboro  X.  •  ym-yB«x  (5) 

Do sots  tbo  dolts  aodmlator  ostpst  ss  IB  ,  tbos 

1)  If  prow loss  dots  saaplo  Is  sot  sostsaisstod  bp  ss  omtlior  tbos 

IB  •  »XC  A.  )  ♦  tri  «> 

•boro 

Z  .  if  -%.  i  i  i  <  x.  3 

t  (  a  )  *  ■  1  *  sis  (7) 

*  0  ,  otborviso 


ssd  tj  is  s  tbrosbold  oosstsst. 

2)  If  tbo  prsvioms  data  saaplo  was  aostaaiaatod  by  as  omtlior.  tbos  vs  ess 
sot  sabs  a  rollablo  prodistios  sad  basso  ds  to  ns  iso  a  bosad  os  ym  ms  lap  tbo 
robsat  o st lasts  of  tbs  staadsxd  dovlatioa  of  tB,  Is  tbis  oass 

«.  «  »2<  Fs  )  <«> 

•boro 


»,«  \> 


i.  •  “  \ 

0  ,  otborviso 


<» 


sad  tj  is  tbo  tbrosbold  somstsat.Ia  omr  axpsriasatal  rs salts  ,  sad  tj  lr# 


sot  a asms  lap  that  aad  d^  ars  gamasiaa  aad  rare  ossa  . 

Tbo  adapt  Its  dolts  aodalator  sssoatially  faaotioas  as  a  first  ordsr 


lluir  pr«4i«tor  kp  Mtliatlai  bouts  os  tho  rut*  of  tfco  wit 

obsorroA  4it«  iMpli  jm  as  lag  robut  utiitUi  of  tbo  Aowiatioa  of  rata  of 
•boat#  Ag  aaA  ^  basoA  oa  N  yrtvlowly  oburreA  Aata  toylii.  If  jn  li 
eatsiAe  tbo  praAiatoA  boaaA  aaA  was  aofe  oatliar  soataaiutoA,  tbaa 

ray  1  mo  it  oitb  tbo  aalao  of  tbo  prooiou  Aata  poiat  .  otherwise  if 

ia  oatliar  arataaiaatoA,  tbaa  a  bar  at  of  oatliora  ia  aaaaaoA  aaA  w 
aot  f9m0  .  It  aaa  bo  sboaa  that  if  tbo  float  aatooorrslstioa  lag  of  tbo  Aata 
ia  aaff laoatly  largo  aaA  tbo  ra—lalag  lags  ara  am  11  ia  raayoat  to  tbo 

wariaaeo  of  ^  ,  tboa  tbis  raplaaau at  sohsao  sboalA  yiolA  gooA  roaalta 

aaauiag  ao  fartbor  iaforaatioa  oa  tbo  oorrolatioa  atrutaro  of  r,  aaA  tbo 
oatliora 

Tbo  aAaptlww  Aifforoatial  «aaatisor  vaa  ayylioA  to  both  types  of 

traaaioata.  Tbo  plots  of  tbo  traaoloats  (aoo  Fig.  2)  bo  fora  aaA  aftor 
proesasiag  iaAisatoA  that  Aifforoatial  fuatlut  faaotioaoA  wall  aaA  was 
robut  ia  aaoothiag  aaA  roaowiag  tbo  traaaioata. 

Ill  Toatiaa  tbo  lulcgroaaA  or  loaiAul  for  Waaaallty 

It  ia  eoaJootaroA  that  tbo  baabgraaaA  or  rosiAmal  Aata  raawimlmg  aftor 
tbo  toul  uA  trauioat  sowpeaoats  ara  rosswoA  is  gaasaiu  or  approx iu to  1 7 
gaaasiu.  To  tost  tbo  hypothesis  that  tbo  roalAul  Aata  ia  gaataiu.  tbo 
oooffiaioat  of  kartosia  atatistios  aaA  tbo  Kolaogoror-Stoiraow  tost  for 

aoraality  us  aaoA. 

la  oill  first  ooaaiAor  a  toul  rogioa.  A  toul  rogioa  with  oaly  a 
aiaglo  1  lao  aoapouat  ua  MlaotoA  for  aiaplioity. 


For  toatiag  parpous,  a  bleak  of  100  aoaaosatiwo  Aata  roeorAs  (rooorAs 


F1400-1779)  was  Ml««t«4  (cm  that  r«|tM  (1014  iHfUi/taMfi), 


The  airnvhui  tMfowat  tu  thaa  aatlaatai  ui  iahtut«4  oat  aalai 
tit  lata  alaytlva  larmk  it|ul  iitiaattu  tHhaiyM  Iim4  os  the 
>U|ilai-aalai-4aioiialttia  of  •  dots  astris  (4).  d  dots  wester  lesgtk  of 


slagular-walao-doiQsgisltlos  of  •  dots  astris  (4).  i  dots  wester  lesgtk  of 
44  staples  oso  seed  clth  tha  dsts  hata|  srrasged  is  the  fora  of  s  backward 
prod  ia  tor  astris  (laakel  astris)  fitl  prod  i«  tor  ordor  of  40  as  a  salat  a  raak 
2  istorforosoo. 


Ho  aaproeessed  tossl  dots 


tko  roaidsal 


i is 1st  aftor  tko  tossl 


kad  koos  as  t  las  tod  sad  ssktrsotod  ost  was  psrtitioaod  isto  90  klooka  of  2 
roeorda  aaak.  Froa  tko  too  rooord  kiosk,  oaly  ovory  12'tk  dsts  saapls  osa 


a  sod  to  ok tala 


kotoooa  ssoooaaiTo  saaplas  yield lag  s  total  of 


170  ladepeadeat  saaplas.  Tko  Koloaogoror- 


toat  for  aoraality  osa 


tkoa  applied  to  tko 


170  saaple  sot  oktaiaod  froa  task  too  rooord 


klook. 


Tko  lewal  of  aoooytaaoo  atstistia  for  tko  hypothesis  tkat  tko  toatod 


diatrikstios  is  gssssiaa  osa  plotted  sloag  oltk  tko  aooffioiost  of  ksrtosis 
for  aaak  dsts  rooord.  (sos  Fig.  4  sad  Fig.  7)  . 

Tko  plots  (Fig.  4  aad  Fig.  7)  elearly  skoo  tkot  tko  lewel  of  aaooptsaoo 
for  tko  gssssiaa  kppotkosis  is  kigk  aad  tko  ksrtosis  is  asok  sloser  to  3 


(gasssias  proooss  kas  ksrtosis  of  3)  aftor  tko  tossl 


kad  koos 


d.  For  ooaparlsoa,  tko  saao  ststistiasl  tasts  war a  sppliad  os  aaotkor 


100  rooord  kloak  (raaords  #  4401-4470)  of  data  tkat  vas  tossl  aad  karst 
froa.  Veiteh  aad  Vilk  (1)  sotad  tkat  tkis  kloak  of  data  appeared  to  ko 
gasssias.  Also,  wariaaaa  plots  of  tko  rasidsal  (saa  Fig.  f)  sees  to 
isdioste  that  tko  baekgrosad  sol so  leasts  are  approx  lastly  statioaary. 


A  Mt  of  rsoords  MtUiiiii  traasioats  ni  oktilwi  oa  tho  bools  of 
bi|k  kartosla  (grsatsr  thoa  4)  froa  tho  dots  sot.  Tho  rsoords  voro  thoa 
pxooossod  with  sd apt Its  diffsroatlsl  qaaatisatioa  to  saooth  sad  roaoro  tk* 
iapalsivo  bants.  Tho  aoraality  of  rsoords  vas  jadgod  by  tho  ooofftoioat 
kartosla  bofors  sad  aftor  prooossiag. 

Tho  rssalts  (soo  Vig.  2)  ladiooto  that  tho  tnasioat  la  primarily 
rsspoaaiblo  foe  tho  high  kartosla  aad  that  aftor  lasathiag  sad  rsaoral.  tho 
kartosla  of  tho  data  rooord  is  aaoh  olosor  to  S  or  aoarsr  to  gaassiaa. 

Althoagh  tho  oxporiasatal  work  vas  liaitod,  tho  so  prsliaiaary  rssalts 
do  toad  to  sspport  tho  hypothosia  that  tho  baokgroaad  aoiso  is  gaassiaa  or 
approx iaataly  gaaaaiaa  ossa  la  tho  prssoaoo  of  tho  toaals  aad  traaaloats. 

IT)  laoovory  of  a  foah  Slgaal  la  tho  Woa-Oaasslaa  Iatorforoaoo 

Vs  will  show  that  a  soak  slgaal  oaa  bo  rsoovsrsd  froa  both  typss  of 
aoa-gaassiaa  iatorforsaso.  aaaoly  toaals  aad  lapalsisa  barsts.  as lag  oar 
asthodology  .  To  doaoastnto  that  tho  toaal  oaa  bo  ostiaatod  aad  sabtraotod 
oat  with  littls  distortioa  to  a  vsak  baokgroaad  slgaal,  a  voak  slaasoidal 
slgaal  vas  lajsotad  la  sislaity  of  toaal.  Vo  a  so  tho  saaw  siagls  toaal 
rsgioa  as  sarlior  la  sostioa  XI  .Tho  toaal  sootloa  vas  partitioaod  lato 
blosks  of  <4  saaplos  oaoh  as  bofors.  TIi  blooks  voro  thoa  Poarior 
traasforasd  bofors  sad  aftor  slgaal  iajsotioa  (sos  Fig.  11).  Nsxt  tho 
toaal  vas  ostiaatod  aad  sabtraotod  oat  asiag  tho  tsohaiqso  of  low-rash 
iatorforsaso  rsaoral  with  tho  slagalar-valao-dsooaposltioa  of  data  aatrix 
(4)  as  dssoribsd  prsvioasly.  Tho  toaal  sstiaato  aad  rssidaal  data  vas  also 
Poarior  traasforasd  bofors  sad  sftsr  slgaal  iajsotioa.  Tho  Poarior 


tmilom  of  tbo  NiUul  oloarly  ladioato  toot  too  mk  ii|ul  «»•  bo 
rooooorod  with  littlo  distort ioa  (soo  Pig.  11). 

Per  laftliin  kuiti,  wo  ikv  that  if  tko  kuit  Is  nyoatitiil.  tboa  wo 
•as  ostiaato  aad  sabtraot  oat  tbo  butt  la  a  similar  aaaaor  aa  la  tbo  toaai 
oaso  to  rooowor  tbo  woak  sigaal.  Xf  tbo  barat  la  aot  oapoaoatial.  tboa  wo 
oaa  aao  adopt  iwo  difforoatial  qaaatiaatioa  to  aiaiaiao  tbo  of  foot  of  tbo 
barat  prior  to  do toot lag  tbo  woak  sigaal  aa lag  ooawoatioaol  toobaiqaos. 

i  woak  siaaooidol  sigaol  was  iajootod  la  tbo  looalitp  of  aa  oapoaoatial 
typo  traaoioat.  Tbo  traaoioat  was  foarior  traaaforaod  boforo  aad  aftor 
sigaol  iojootioa  (soo  Pig.  12).  Moat  tbo  traaoioat  was  ostiaatod  aad 
aabtraotod  oat  aaiag  tbo  toobaiqao  of  lew-raak  iatorforoaoo  roaowal  with  tbo 
aiagalar-walao-doooqpoaitioa  of  a  data  matrix  (41.  Tbo  traaoioat  ostiaato 
aad  roaidaal  data  was  also  Poarior  traaaforaod  boforo  aad  aftor  sigaal 
xajootioa.  Tbo  Poarior  traasforas  of  tbo  roaidaal  oloarly  ladioato  that 
tbo  woak  sigaal  oaa  bo  roooworod  with  littlo  distertioa  (sow  Pig.  12  ). 

Noxt,  a  rooord  s  oat  a  la  lag  aa  iapalaiwo  barat  that  doos  aot  fit  tbo 
oapoaoatial  aedol  (oatlior  olaator)  was  eboaoa.  A  woak  slaasoidal  sigaal  was 
iajootod  aad  tbo  rooord  was  tboa  prooossod  with  adapt iro  difforoatial 
qaaatiaatioa.  Poarior  traaaforaa  of  tbo  rooord  boforo  aad  aftor  prooossiag 
oloarly  iadioato  tbo  iaprowoaoat  attsiaod  (soo  Pig.  II)  wboa  roaowiag  tbo 
barst. 

IV)  Coaolasloa 

Tbo  ro  salts  of  oar  spplioatioa  of  tko  piooo*-wiso  aodoliag  sad 
prooossiag  aotbodology  to  tbo  Arotio  sooastio  data  oloarly  doaoastratod  tbo 


ii^li«ity  of  tbii  tpftoHb.  To  saoaosfallp  apply  tkli  aotho4ologp  to  other 
typos  of  Ma-ititioun  ul  ior|iuiiu  4oto  of  tbo  liituo  fora  ,  it  is 
o*l y  accessary  to  ootogoriio  ui  a*4el  the  ooa-gsmssisa  soapoacata  is  tocao 
of  tboir  loo si  sffoot  om  tko  4osire4  sigaal  prooossiag  sppllsatioa  ( 
syootrsl  sstiaotio*.  4e  test lea  oto.  )  rather  thaa  foraalatiag  s  feaeral 
probabilistic  ao4el. 

It  is  slso  aoto4  that  tho  resalts  obtaiae4  ia  ao4eliaf  utf  process lag 
tho  Arctic  sooastio  4a  t  a  ooal4  bo  farther  iaproeo4  bp  asiag  aero 
sophist issto4  ao4ols  for  tho  aoa-iaassiaa  ooap oacata.  Am  sssaplo  of  a  aoro 
sophist ieate4  ac4el  «eal4  bo  to  ao4ol  tho  asrrov-baa4  ooapoaoats  as  a  chirp 
or  frofooaoy  ao4alato4  sigaals  rathor  thaa  approxiaatiag  it  aa  siaaaoUal 
oror  short-tiao  iatorrals.  Tho  a4raatafe  is  that  «o  ooal4  work  oror  loaf  or 
tisM  iatorrals.  hoaso  laproriaf  tho  sigaal-to-aoisc  ratio. 
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Fig.  1)  SPECTROGRAM  OF  ARCTIC  SEA  NOISE  DATA  SET 


2500 


170.7 


oosz 


rig .  2)  Mtv«(oni  plot*  of  record*  containing  lepuleive  buret* 
before  end  After  proceeding  by  adaptive  differential 
queue i**t ion. 

Mote:  The  coefficient  of  kuitom  le  defined  e*  ' 
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k)  Record  #2248:  coefficient  of  kurtosis 
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1024 


Record  If  2248:  Processed  by  adaptive  differential  quantizat 
where  T, ■  3.7b,  Tj *  2.51,  and  N*tOt  . 
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b)  Record  #2066 

81 

Fig .  4  ) 


Estimation  of  the  tonal  frequency,  tonal  power,  and 
background  noise  level  over  a  short  time  interval 
(  64  samples  )  using  an  improved  Prony  method. 


RECORD  " 


Fig.  S> 


AVERAGED  PERIODOGRAM  OP  THE  UNPROCESSED  DATA,  ESTIMATED 
TONAL  AND  RESIDUAL  OBATAINED  USING  THE  DATA-ADAPTIVE  SIGNAL 
ESTIMATION  ALGORITHM  BASED  ON  SVD  FOR  RECORD  #1739 


The  periodogram  is  calculated  as  fallows: 
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with  w  being  evaluated  at  2nk/ 128  intervals  for  k=0,l,..l28 
Note:  are  the  data  samples  . 
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c)  AVF.RACED  PER  1 0  DOG  RAM  IK  ,  )A  T  A  RECORD  AFTER  TON  Al.  HAS 
BEEN  EST  t  NATEO  AND  SI'KTRAt  TKI)  OUT 
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A  REGION  WITH  NO  APPARENT  TONAL 
SELECTED  FOR  COMPARISON  ARE  TESTED 
KOLMOGOROV  - SM I RNOV  TEST. 


THE  100  RECORD  REGION  IS  PARTITIONED  INTO  2  RECORD  BLOCKS 
< 2048  SAMPLES)  WITH  EACH  BLOCK  BEING  SEPARATLY  TESTED  FOR 
NORMALITY.  AN  INDEPENDENT  SAMPLE  SET  IS  OBTAINED  BY  TAKING 
EVERY  1 2 ' th  SAMPLE  FROM  BLOCK  ,  YIELDING  A  TOTAL  OF  170 
SAMPLES.  THE  SAMPLE  SET  IS  NORMALIZED  TO  ZERO-MEAN  AND 
UNIT  VARIANCE  AND  THE  CUMMULATIVE  DISTRIBUTION  F*(Y)  IS 
ESTIMATED  FOR  THE  DATA.  THE  KOLMOGOROV -SMI RNOV  DISTANCE 
STATISTICS  ARE  THEN  COMPUTEO  ASSUMINC  THE  SAMPLE  ^ET 
IS  UNIT  NORMAL  (  F*<Y  )  )  . 
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FROM  FORMULAS,  Prob(  2  >  0* )  IS  CALCULATED 
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d)  RESIDUAL  DATA 


Prob(  z  >  D„) 


RECORD  0 


b)  DATA  FREE  OF  TONAL  AND  IMPULSIVE 
CONTAMINATION 


variance 


b)  RESIDUAL 


Fig.  8)  THE  VARIANCE  OF  THE  TONAL  REG  TON  AND  THE  RESIDUAL 

REMAINING  AFTER  THE  TONAL  COMPONENT  HAS  BEEN  ESTIMATED  AND 
REMOVED  . 

NOTE  THAT  THE  VARIANCE  IS  COMPUTED  PER  RECORD  (102'.  SAMPLES)  . 
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CLOSE  UP  OF  IMPULSIVE  BURST  FROM  RECORD  064. B 


BURST  IS  SPLIT  INTO  SECTIONS  —  EACH  SECTION  IS  MODELED  SEPARATLY 


A)  RISING  SECTION 


FOR  n=rl , rl+1 , . . ,r2 


(n)r  *  ^  A^  rk 


°rk)n  + 


B)  DECAYING  SECTION 


FOR  n=dl ,dl*l , . . .d2 


A  e(JWdk  *  W"  „  ,  , 

dk  *  w<n> 


WHERE  w(n)r  AND  w(n)d  IS  THE  BACKGROUND  NOISF.  AND/OR  SIGNAL 

BURST  IS  ESTIMATED  AND  SUBTRACTED  OUT  USING  THE  TECHNIQUE  OF  DATA 
ADAPTIVE  SIGNAL  ESTIMATION  BY  SINCULAR  VALUE  DECOMPOSITION  OF  A  DATA  MATRIX 


THE  RANK  OF  THE  DATA  MATRIX  IS  EQUAL  TO  THE  NUMBER  OF  EXPONENTIALS  PRESENT 


Fig.  9)  MODELING  IMPULSIVE  BURSTS  AS  EXPONENTIALS 


amp  l i cude 
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c)  RANK  2  RECONSTRUCTION 

FOWARD  LINEAR  PREDICTION:  N=20,  L=I5 
RISING  SECTION  OF  BURST  RECORD  V64.B 


amp  L i cade 

5 .  1 


RANK  2  RECONSTRUCTION  ERROR 

FOWARD  LINEAR  PREDICTION:  N  =  20,  l.=  1 5 

RISING  SECTION  OF  BURST  RECORD  «A-:B 


RANK  2  RECONSTRUCTION  ERROR 

BACKWARD  LINEAR  PREDICTION:  N=*25,  L-!8 

DECAYING  SECTION  OF  BURST  RECORD  #64. B 


Fig.  11)  DETECTING  A  WEAK  SIGNAL  IN  THE  PRESENCE  OF  TONAL 
INTERFERENCE  BY  FIRST  ESTIMATING  AND  REMOVING  THE 
INTERFERENCE  AND  THEN  FOURIER  TRANSFORMING  THE  RESIDUAL 
64  SAMPLE  TONAL  DATA  VECTOR  FROM  RECORD  #17S6 
SAMPLES  1-64  .  THE  SIGNAL  USED  IS 

s(n)  =  .274  cos(2ir(.07)  (n-1))  n=l,2....64 


a)  FOURIER  TRANSFORM  OF  UNPROCESSED  DATA  VECTOR 


e;  FOURIER  TRANSFORM  OF  RESIDUAL 

WEAK  SIGNAL  NOT  INJECTED  IN  DATA  VECTOR 


d)  FOURIER  TRANSFORM  OF  RESIDUAL 

WEAK  SIGNAL  INJECTED  IN  DATA  VECTOR 


Fix  12)  DETECTING  A  WEAK  SIGNAL  IN  THE  PRESENCE  OF  AN 
IMPULSIVE  8URST  BY  FIRST  ESTIMATING  AND  REMOVING 
BURST  AND  THEN  POURIER  TRANSFORMING  THE  RESIDUAL. 


DATA  VECTOR  USED  IS  THE  DECAYING  SECTION  OF  BURST 
FROM  RECORD  #64. B  SAMPLES  439-462 

THE  WEAK  SIGNAL  THAT  IS  INJECTED  IS 

s(  n )»  .  Scot  (  2n( .  IS)  (n~439))  lor  n*O9,440 . 46  2 


2.78  dB 


-37.22  -JB 


FOURIER  TRANSFORM  OF  UNPROCESSED  DATA  VECTOR 
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c)  FOURIER  TRANSFORM  OF  RESIDUAL 
NO  WEAK  SIGNAL  INJECTED 

BACKWARD  PREDICTOR  DATA  MATRIX:  N=25,L*I8 


d)  FOURIER  TRANSFORM  OF  RESIDUAL 
WEAK  SIGNAL  INJECTED 

BACKWARD  PREDICTOR  DATA  MATRIX:  N  =  J  rj .  I.  =  i  8 


Pig.  13)  DETECTING  A  WEAK  SIGNAL  IN  THE  PRESENCE  OF  AN  IMPULSIVE  BURST 
BY  FIRST  REMOVING  THE  BURST  USING  ADAPTIVE  DIFFERENTIAL 
QUANTIZATION  AND  THEN  FOURIER  TRANSFORMING  THE  CLEANED  DATA. 

THE  SIGNAL  IS  s ( n ) - . !49cos ( 2n( . 1 2) ( n-  I ) )  for  n-l,2...!024 


a)  FOURIER  TRANSFORM  OF  UNPROCESSED  RECORD  ’2066 

WITH  WEAK  SIGNAL  INJECTED 


0  -23 


b)  FOURIER  TRANSFORM  OF  RECORD  // 2066  WITH  WEAK 

SIGNAL  INJECTED  PROCESSED  BY  ADAPTIVE  DIFFERENTIAL 
QUANTIZATION.  T ,  =>  J.76,  T2=*  2.3  1  ,  and  N-IOI 
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